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A STAND GROWTH MODEL FOR YIELD REGULATION 
IN NORTH QUEENSLAND RAINFORESTS 
Jerome K. Vanclay1 
 
ABSTRACT. A stand growth model used to predict timber yields from north Queensland's 
rainforests is described. Some 150 commercial and 750 other tree species are aggregated into 
about twenty species groups based on growth habit, volume relationships and harvesting 
practices. Trees are grouped according to species group and tree size into cohorts, which form 
the basis for simulation. Equations to predict increment, mortality and recruitment were 
derived through linear regression. 
INTRODUCTION 
The tropical rainforests of Queensland have been managed for timber production since early 
this century. The total area of rainforest north of Townsville (19°S, Figure 1) is 860 000 
hectares, of which 160 000 hectares (nett) are managed for sustained timber production. 
About 900 tree species have been described from these forests, of which over 150 are of 
commercial interest. These include many fine cabinet timbers such as red cedar (Toona 
australis) and northern silky oak (Cardwellia sublimis). A growth model has been developed 
to enable the sustained yield of these forests to be calculated. 
MODEL STRUCTURE 
To satisfy the requirements of yield regulation, a growth simulator should be: 
• a stand growth model which predicts annual growth; 
• deterministic to enable efficient yield forecasting; 
• modular to simplify alterations and enhancements; 
• flexible enough to utilize various inventory data; 
• useful for investigating alternative logging strategies. 
Several models have been constructed to examine ecological succession in various forest 
types (e.g. Shugart, 1984), but these are generally unsuited to yield regulation applications. 
Transition matrix approaches (Usher, 1966) are an efficient method of summarizing data, but 
contribute little towards an understanding of the processes of growth within the forest. 
Individual tree models pose difficulties in accurately and deterministically forecasting 
mortality. 
The U.S. Forest Service (1979) developed a more flexible approach for temperate mixed 
species forests in the Great Lakes region, but took no account of regeneration and recruitment. 
Vanclay (1988) presented a model for monospecific stands of Callitris glaucophylla which 
can readily be modified to suit the demands of mixed species stands. The key feature of this 
approach is to identify cohorts (Reed, 1980), groups of individual trees which may be 
assumed to exhibit similar growth and which may be treated as single entities within the 
model. Cohorts are formed by grouping trees according to species affiliation and stem size, 
and need not contain equal numbers, or whole numbers of stems. 
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FIGURE 1. Location of study area 
 
The rainforest growth model admits a maximum of 200 cohorts for each stand. Initially, stems 
from the same species group and whose diameters differ by less than five millimetres are 
grouped into a single cohort. If necessary, greater differences are accommodated by forming 
groups of stems most similar in size. 
During simulation, cohorts comprising more than a critical number of stems or exhibiting 
diameter increments exceeding five millimetres per annum may split into two new cohorts, 
one with 25% of the stems and 1.3 times the predicted current annual increment, and one with 
75% of the stems and 0.9 times the predicted current annual increment. This reflects the 
skewed nature of increment commonly observed in rainforest stands (Bragg and Henry, 
1985). The critical number of stems varies with stem size, and is twenty stems per hectare for 
stems below 40 cm dbh (diameter at breast height, over bark), five stems per hectare for stems 
exceeding 40 cm dbh, and two stems per hectare for stems exceeding the normal 
merchantable size (50 to 100 cm diameter breast height or above buttressing depending upon 
species). The total number of cohorts is maintained below 200 by merging, within species 
groups, cohorts with the most similar diameters. 
DATA SOURCES 
Thirty seven permanent plots, varying in size from 0.1 to 0.4 hectares and representing over 
two hundred thousand tree years of measurement were used in developing the model. These 
plots sample both virgin and logged rainforest on a variety of forest and soil types (Figure 1). 
Data recorded include species identity, merchantability, measurements of dbh, details of soils 
and geology, and a good/poor site assessment based on soil parent material, standing volume, 
average log length and species present. 
TABLE 1. Composition of Growth Groups 
Group 1 
(Large. Fast growing) 
Group 2 
(Large, Slow growing) 
Group 3 
(Small, Fast growing) 
Group 4 
(Small, Slow growing) 
Acmenosperma claviflorum Ackama australiana Acacia aulacocarpa Acmena divaricata 
Agathis atropurpurea Acmena resa Acacia crassicarpa Acmena graveolens 
Agathis microstachya Backhousia bancroftii Acacia implexa Acmena smithii 
Agathis robusta Backhousia hughesii Acacia mangium Ailanthus triphysa 
Albizia toona Beilschmiedia bancroftii Acacia melanoxylon Alstonia muellerana 
Alstonia actinophylla Beilschmedia sp. Albizia xanthoxylon Alstonia spectabilis 
Alstonia scholaris Blepharocarya involucrigera Alpitonia petriti Archidendron vaillantii 
Argyrodendron peralatum Cardwellia sublimis Barringtonia asiatica Argyrodendron polyandrum 
Elaeocarpus grandis Castanospermum oust tale Barringtonia calyptrata Argyrodendron trifoliolatum 
Endiandra palmerstonii Ceratopetalum succirubrum Barringtonia racemosa Cryptocarya erythroxylon 
Eucalyptus grandis Cinnamomum oliveri Callitris macleayana Cryptocarya rigida 
Flindersia brayleyana Dysoxylum cerebriforme Cinnamomum laubatii Darlingia darlingiana 
Flindersia ifflaiana Dysoxylum fraseranum Cryptocarya oblata Dysoxylum oppositifolium 
Flindersia pimenteliana Dysoxylum micranthum Daphnandra repandula Elaeocarpus foveolatus 
Palaquium galactoxylum Dysoxylum muelleri Darlingia ferruginea Endiandra cowleyana 
Prumnopitys amara Dysoxylum pettigrewianum Doryphora aromatica Endiandra hypotephra 
Syzygium claviflorum Elaeocarpus coorangooloo Elaeocarpus largiflorens Endospermum myrmecophilum 
Syzygium gustavioides Elaeocarpus ruminatus Elaeocarpus sericopetalus Endospermum peltatum 
Toona australis Endiandra acuminata Eucalyptus tereticornis Eucalyptus drepanophylla 
Wrightia laevis Endiandra dichrophylla Eucalyptus torelliana Eucalyptus siderophloia 
 Endiandra glauca Eucalyptus resinifera Intsia bijuga 
 Endiandra montana Eucalyptus pellita Nauclea orientalis 
 Endiandra tooram Euodia bonwickii Neonauclea gordoniana 
 Flindersia laevicarpa Euodia elleryana Oreocallis wickhamii 
 Galbulimima belgraveana Euodia vitiflora Orites racemosa 
 Geissois biagiana Euodia xanthoxyloides Planchonella arnhemica 
 Gmelina dalrympleana Flindersia acuminata Planchonella obovata 
 Gmelina fasciculiflora Flindersia bourjotiana Planchonella obovoidea 
 Gmelina leichardtii Gevuina bleasdalei Planchonella pohlmaniana 
 Metrosideros queenslandica Litsea bindoniana Pleiogynium timorense 
 Musgravea heterophylla Litsea glutinosa Polyalthia michaelii 
 Musgravea stenostachya Litsea leefeana Pseudoweinmannia lachnocarpa 
 Neorites kevediana Litsea reticulata Ristantia pachysperma 
 Ormosia ormondii Melaleuca argentea Schizomeria ovata 
 Syncarpia glomulifera Melaleuca leucadendra Schizomeria whitei 
 Syzygium luehmannii Melaleuca quinquenervia Sloanea australis 
 Syzygium wesa Melaleuca viridiflora Symplocos stawellii 
 Xanthostemon whitei Melia azedarach Synoum muelleri 
  Myristica muelleri Syzygium dictyophlebium 
  Opisthtolepis heterophylla Syzygium kuranda 
  Placospermum coriaceum Syzygium luehmannii 
  Podocarpus elatus Syzygium paniculatum 
  Prumnopitys ladei Syzygium papyraceum 
  Prunus turnerana Syzygium trachyphloia 
  Sloanea langii Syzygium wilsonii 
  Sloanea macbrydei  
  Terminalia sericocarpa  
 
SPECIES GROUPS 
Because of the large numbers of tree species represented in tropical rainforests, it is clearly 
impractical to develop separate functional relationships for each tree species. To sensibly 
aggregate these species, it is expedient to employ three criteria, namely the volume 
relationship, logging practice and growth pattern. In the model, species groups are identified 
by a four digit code, SVLG, where S represents the datum source (0 = inventory, 1 = 
predicted ingrowth), V indicates the volume equation to be used (1 to 4), L indicates the 
logging rule applicable (1 to 9 inclusive) and G indicates the growth group. Five growth 
groups were identified on the basis of merchantability, size commonly attained and growth 
rate. The composition of the four commercial groups is indicated in Table 1, and the fifth 
group comprises all remaining tree species. Practical necessity required the use of a single 
group for all non-commercial species, as inventory identified only commercial and potentially 
commercial species, with most non-commercial species recorded as miscellaneous. Generally, 
group 1 contains gap opportunists, group 3 contains other pioneer and short-lived species, and 
groups 2 and 4 contain shade tolerant species. 
DIAMETER INCREMENT 
To ensure reliable forecasts despite often quite variable data, a diameter increment function 
was devised which ensured a predicted growth pattern similar to that observed, would be 
sensitive to site and stand conditions, and could be readily established using linear regression. 
This function has the form 
DI =(Dmax - D) × D 
k × f(SBA ,SQ, PM) (1) 
where DI is the dbh increment (cm /ann), D is the dbh (cm), Dmax is the maximum attainable 
diameter, k is a parameter to be estimated, and f (SBA,SQ,PM) is a linear expression in stand 
basal area, site quality and soil parent material. 
It is appropriate to constrain the increment function by identifying the maximum attainable 
diameter (Dmax) which a given species on a nominated site can barely attain. This can be 
estimated using statistical analyses where sufficient data are available. However, in 
rainforests (even virgin stands), very large stems occur infrequently, and few data exist for 
these stems. Thus it is expedient to determine the Dmax subjectively for each growth group and 
soil parent material, based on available data and local knowledge. 
The predicted growth pattern is determined largely by the parameter k in Equation 1. 
Graphical analysis revealed that for most groups a value of 0.667 appeared to be appropriate. 
Statistical analysis confirmed that for groups 1, 2 and 5 on all sites, the estimated values were 
very close to, and not significantly (P<0.05) different from 0.667, which was consequently 
adopted. Slightly different values were obtained for growth groups 3 and 4. 
Because of the vast amount of data, the disproportionate representation of smaller size 
classes, and to facilitate graphical analyses of the residuals, the data were grouped according 
to site quality, soil parent material, stand basal area and 5 cm dbh classes. Some cells were 
further grouped to enable the estimation of the variance within each cell. The mean dbh and 
stand basal area of each cell were used in the analysis, and site quality and soil parent material 
were included as dummy (0, 1) variables. Linear regression, weighted by the inverse of the 
variance, produced the following results (all parameters are significant at P<0.05 or better 
throughout the paper): 
DI1 = (140 -20 TG - D) × D
0.667 × (2.497 +1.196 SQ -1.061 BV -0.02859 SBA) × 10-4  
DI2 = (160 -30 TG - D) × D
0.667 × (2.543 + 0.2737 CG - 0.02902 SBA) × 10-4 
DI3 = (120 - D) × D
0.765-0.051 TG × (2.478 + 1.055 SQ - 0.8328 CG - 0.03364 SBA) × 10-4 
DI4 = (110 - D) × D
0.833+0.013 TG × (1.542 + 0.3924 CG -0.01741 SBA) × 10-4 
DI5 = (170 -40 SA -60 TG - D) × D
0.667× (2.076 - 0.3831 CG - 0.01894 SBA) × 10-4 
where DI; is the dbh increment (cm /ann ) of growth group i, D is dbh (cm), SBA is stand 
basal area (m2/ha of stems exceeding 20 cm dbh), SQ is 1 for good sites and 0 for poor sites, 
BV is 1 on Basic Volcanic parent material, CG is 1 on Coarse Granite parent material, SA is 1 
on Sedimentary, Metamorphic and Acid Volcanic parent material, and TG is 1 on Tully 
Granite parent material. The strong interaction of soil parent material on the growth pattern of 
species groups (Figure 2) is consistent with earlier observations (Nicholson et al., 1983). 
  
FIGURE 2. Diameter increment functions ( Assuming 20 m 2/ha basal area and a good site) 
MORTALITY 
Several approaches to predicting mortality have been described, but most have been 
developed for monospecific stands and are not suited for modelling rainforest stands. A 
suitable and robust approach is to predict mortality from tree size and stand density using a 
logistic function (Hamilton and Edwards, 1976). Linear regression was used to fit the 
following relationships: 
 
where P; is the annual probability of mortality within growth group i, D is dbh (cm) and 
SBA is stand basal area (m2/ha of stems exceeding 20 cm dbh). The trend in growth group 2 
contrasts strongly to that of the other growth groups (Figure 3), but is not inconsistent with 
findings of other workers (e.g. Buchman et al., 1983). 
  
FIGURE 3. Mortality (assuming 20 m2/ha basal area) 
RECRUITMENT 
The irregular nature of recruitment suggests a stochastic function, but efficient yield 
prediction requires a deterministic model. A robust approach is to predict the total 
recruitment, and apportion it amongst the species groups. 
As the minimum stem size measured in inventory has varied between 3 and 20 cm dbh, 
recruitment must be predicted at 20 cm dbh. However, data concerning stems less than 20 cm 
dbh can be employed by marking the lower limit of measurement with a "ghost" stem in each 
growth group, 'and activating the prediction of recruitment for any growth group only when 
the marker (or ghost stem) attains 20 cm dbh. 
Graphical inspection of the data suggested that recruitment at 20 cm dbh was linearly related 
to stand basal area and correlated with site quality. Total recruitment was predicted as 
N = 5.466 - 0.06469 SBA + 1.013 SQ 
where N is the number of recruits (stems /ha /ann at 20 cm dbh), SBA is stand basal area 
(m2/ha of stems exceeding 20 cm dbh) and SQ is 1 on good sites and 0 on poor sites. On 
average, recruitment does not exceed 6.5 stems per hectare per annum, and does not occur 
where stand density exceeds 100 and 85 square metres per hectare basal area on good and 
poor sites respectively. 
The proportion of recruitment in each growth group is predicted using a logistic function 
incorporating stand basal area, composition and site quality, but soil parent material was not 
significant. The use of the basal area of each growth group rather than the number of stems 
ensures robust predictions when inventory data derived from horizontal point sampling 
(probability proportional to size) are projected. The following relationships were derived by 
linear regression: 
  
  
where P; is the proportion of the total recruitment as growth group t, SBA is stand basal area 
(m2/ha of stems exceeding 20 cm dbh), Bt is the basal area of growth groups i, and SQ is 1 on 
good sites and 0 on poor sites. To ensure that these estimated proportions summed to exactly 
1.0, the proportions were standardized: 
  
Figure 4 illustrates how recruitment varies in response to changing stand density, assuming 
that stand composition is constant (each growth group comprising 20 percent of the stand 
basal area). Recruitment also varies in response to changing stand composition. 
) 
FIGURE 4. Recruitment on good sites (assuming 20 m2/ha basal area) 
Once the growth groups have been resolved, the proportion of each growth group in any 
logging group is determined according to the composition of the corresponding stand fraction. 
The use of numbers of stems rather than basal area ensures reliable predictions despite the 
presence of useless veteran trees. Thus, for example, if it is determined that five percent of the 
growth group 1 stems in the existing stand are useless, then five percent of the predicted 
growth group 1 recruits will be assigned to that category. A similar procedure is followed to 
determine the volume group. 
YIELD FORECASTS 
The growth model is of course, but one small component of yield forecasting. Other 
components such as inventory data, area estimates, harvesting models and volume equations 
are equally important. 
Area estimates for north Queensland rainforests were prepared from a database recording land 
tenure, forest type, accessibility and other management aspects at each intersection of the 
1000 metre Australian Map Grid. Two-stage sampling was conducted to confirm this 
information, and to provide inventory data. In all, some 320 inventory plots, established over 
a seven year period, were used in the yield calculation. Inventory employed 1.0 ha and 0.5 ha 
rectangular plots, and clusters of ten point samples using 10 m2/ha basal area factor optical 
wedges. A harvesting sub-model was used to predict removals during logging. Regional one-
way volume equations were used. 
Yield forecasts were prepared by simulating the growth of each individual plot to the middle 
of the next logging cycle, and using the harvesting sub-model to forecast the volume of 
removals. This process was repeated for subsequent logging cycles to ensure the 
continued yield. The sustained yield so determined was 60 000 cubic metres per annum, from 
a net resource area of 160 000 hectares. This is only 0.4 cubic metres per hectare per annum, a 
much lower yield than is generally assumed. The low yield may be attributed to the 
conservative selection logging system employed, to mortality, and to the high total biomass 
growth relative to the useful log volume increment. 
CONCLUSION 
This model has provided an objective basis for appraising management decisions, and for 
determining the sustainable yield of Queensland's northern rainforests. 
Important advances include the identification of growth groups based on growth 
characteristics, the recognition of the influence of stand density on all aspects of stand 
dynamics, the explicit identification of a maximum attainable size, an attempt to quantify the 
site productivity (by site classification and identification of soil parent material), and the 
recognition that stand composition may influence the composition of recruitment. The 
advantage in recognizing a maximum attainable diameter is that it ensures that dbh 
increments cannot be overestimated for the larger trees being modelled, thus ensuring a very 
robust model. Prediction of recruitment at 20 cm dbh is less than desirable from a modelling 
viewpoint, but this is necessary to enable forecasts using all available inventory data. 
Careful selection of component functions has ensured a robust model which provides realistic 
forecasts for a diverse range of forest types and inventory data. Standard analytical techniques 
including graphical inspection, weighted linear regression and inspection of residuals were 
used in developing the model. 
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